Component-Based Software Engineering (CBSE) with Open Source Software and Commercial-Off-the-Shelf (COTS) components, Open Source Software (OSS) based development, and Software Outsourcing (SO) are becoming increasingly important for the Chinese software industry. It is therefore necessary to establish pragmatic and possibly nation-specific guidelines for Chinese software companies regarding the use of CBSE, OSS, and SO. Such guidelines should be based on insights from actual practice, which are in our case, obtained through surveys. A European state-of-the-practice survey on COTS-and OSS-oriented CBSE was conducted in Germany, Italy, and Norway in [2004][2005]. We repeated similar surveys in China, with an extended survey on OSS and SO. We encountered many difficulties in conducting the surveys, but in most cases managed to find working solutions. We report on the lessons learned while conducting these surveys. In particular, we address issues relating to sampling, contacting respondents, data collection, and data validation. The main lessons are: 1) it was necessary to cooperate with a third-party organization with close relations to Chinese software companies; 2) it was necessary to assign researchers to this third-party organization to facilitate data collection and to control the quality of the data collected; and 3) an email survey, after an initial telephone call to establish contact, was the best method for getting questionnaires completed by Chinese respondents.
INTRODUCTION
The software industry in China is growing rapidly. Simultaneously, innovations in, and applications of, software engineering techniques and methods are also growing. Many studies about software engineering methods have been conducted elsewhere [23, 41, 42] . However, to our knowledge, few empirical software engineering studies have been conducted in China. In particular, there has been no nationwide survey on software engineering issues.
In 2005-2006 we conducted three nationwide surveys on software engineering practices in China. One survey followed a European survey [20] by repeating the same questionnaire, and focused on Commercial-Off-The-Shelf (COTS) and Open Source Software (OSS) -oriented Component-Based Software Engineering (CBSE). The second survey focused only on OSS-based development, without distinguishing between components and ready-made software. The third survey investigated Software Outsourcing (SO) issues. After working on these surveys for about a year and a half, we possessed 51 valid responses on COTS-and OSS-oriented CBSE from 45 companies, 47 valid responses on OSS from 43 companies, and 53 valid responses on SO from 41 companies.
In this paper, we report on and discuss the approaches used and lessons learned by conducting these three software engineering surveys in China. The more detailed research questions, concrete statistics, and technical results of these surveys are reported elsewhere [3, 21] .
Our method includes the usual steps of conducting a questionnaire-based survey: questionnaire design, pre-trial of questionnaire, sampling, initial contact, and later data collection and analysis. Initially, we planned to follow the survey methods used by the European CBSE survey discussed in [20] . However, by conducting a short trial of this method, we learned that several of its guidelines and sub-processes did not work well in China. We had to revise them, because of the Chinese culture and the profile of the Chinese software industry. The main lessons learned from our study are associated with four issues: how to establish an actual sample, how to obtain initial contact with the selected respondents, how to actually collect the data, and how to validate the quality of the data in the completed questionnaires.
The remainder of the paper is organized as follows. Section 2 discusses related software engineering surveys. Section 3 introduces the background to our survey. Section 4 presents the planned and actual survey process performed. Section 5 summarizes guidelines for conducting software engineering surveys in China, and compares these guidelines with similar survey methods published and used in other countries. Section 6 concludes and discusses future work.
RELATED WORK
Processes for conducting valid and reliable surveys are very welldocumented in the social science literature [10] . There is also specific advice for software engineering surveys [25] and on how to use web-based questionnaires for surveys [26] . The study described in [5] discusses the practical problems of conducting the "original" European CBSE survey, and presents a short review of published software engineering and component-based software engineering surveys. This paper [5, p.216 [16, 32] .
A few social science studies have examined the impact of cultural factors on survey responses. For example, one study [30] found that, in a sample of Caucasians, Mexican Americans, and Mexicans, people in lower socioeconomic positions, older, or of Mexican origin are more likely to give socially desirable responses than others. Another study [14] reported on methodological issues and operational techniques found in a cross-cultural survey. The issues, e.g. questionnaire translation, population selection, and data collection that pertain to conducting cross-cultural surveys are summarized in [28] .
Few software engineering researchers have observed and reported on the impact of cultural factors on the process of conducting software engineering surveys, probably because most software engineering surveys have been conducted in Europe or USA [2, 4, 7, 15, 24, 29] , rather than in Asia.
BACKGROUND OF THE SURVEY
The software outsourcing business in China is growing rapidly [1, 39] and the Chinese government strongly encourages OSS-based software development [16] . The overall motivation for conducting our software engineering surveys in China is to discover major challenges in the Chinese software industry, to summarize experience from practical projects, and to investigate differences in software engineering practices between Europe and China.
SURVEY PROCESS
The surveys were conducted from August 2005 to November 2006. In conducting the survey, we had initially planned to use the same processes as in the European surveys [5] . However, the planned survey process was not applicable in China. We then decided to revise the survey process through cooperation with a non-governmental software organization (hereby called CSW), which has several years experience of providing consulting services for software process improvement. The questionnaire validation, methods for selecting the sample, data collection, and data validation actually conducted, are quite different from the plan, due to the profile of the Chinese software industry and the Chinese culture.
Planned Survey Process
All three surveys were designed as descriptive, cross-sectional surveys to acquire valid information about the state of the software industry [25] . The initial plan was as follows: 1) Preparation, the preparation stage was to enable the Chinese researchers to become familiar with the planned survey process.
2) Question design, for the COTS-and OSS-oriented CBSE survey, we decided to reuse (after translation) the questionnaire from the European survey [20] . For the OSS-based development survey and the software outsourcing survey, we created new questionnaires based on our own work and the literature.
3) Questionnaire validation, we decided to interview five to 10 experts in China to validate the questionnaire.
4) Sample selection, we intended to select a sufficient sample using either the selection method used in Norway and Germany, i.e. to use official census bureau databases, or the selection method used in Italy, i.e. to use the telephone book's yellow pages. The target sample was around 50 respondents for each of the surveys, so that the results could be compared with the European surveys.
5)
Data collection and validation, we decided to either install the questionnaire on the web, as was the case in Norway and Italy, or to use a telephone interview first, and then complete the questionnaire by ourselves later, as was done in Germany. To obtain a sufficient response rate, we decided to offer the final reports free to Chinese respondents, as was done in the European surveys. To validate the data, we intended to simply exclude incomplete questionnaires.
Given that China is a very big country, we assumed that it would not be difficult to collect around 50 completed questionnaires for each survey. Thus, we initially allotted a period of six months for data collection.
Preparation
The preparation phase lasted three months, from August 2005. Three Chinese researchers were invited for a two-month visit to the Norwegian University of Science and Technology (the major initiator of the European survey [20] ) to learn about the European surveys, and to prepare the Chinese survey.
Questionnaire Design
The three questionnaires were designed as follows: 
Questionnaire validation

Conducting the questionnaire validation
As planned, we used convenience sampling to conduct trial runs for each questionnaire. From December 2005 to April 2006, we conducted face-to-face interviews with 10 managers from 10 companies in Beijing. Given that some interviewees participated in more than one interview, we received 13 completed questionnaires: six for the SO questionnaire, four for the COTSand OSS-oriented CBSE questionnaire, and three for the OSS questionnaire.
One purpose of the pre-trials was to determine whether the terms translated from English were in line with terms used in the Chinese software industry. From the interviews, we found that some terms and metrics are used differently in Europe from in China. For example, (i) the cost of installation and updating OSS software is counted as part of the "development cost" in China, and (ii) project effort is often counted by person-months (including possible undocumented overtime work) in China, but by person-hours in Europe. After this round of pre-trials (i.e. personal interviews), the initial questionnaires went through a major revision. In this process, 25% of the questions were changed from open questions to closed ones, or revised for reasons relating to terminology.
Further validation of the questionnaire
After making initial contact with CSW, we showed our questionnaires to their experts and asked if we could start collecting data. However, these experts quickly noticed that some terms (e.g. for software process improvement) used in Chinese software companies, and especially in companies registered in the CSW database, were still different from the terms used in our questionnaires, despite our best efforts to achieve a good translation from English. For instance, Chinese has several words that can be considered "software architecture" in English. In addition, "software architecture" and "software framework" can be translated into the same Chinese term. We therefore decided to run another round of questionnaire trials. These second pre-trials were conducted as three symposia from June 2006 to August 2006 in Beijing. The topics were "How to promote the capabilities of software outsourcing companies", "Software development with OSS in China", and "Using COTS Components in the Chinese software industry". There were about 30 participants at each symposium, and about 10 of the participants in each symposium were university professors or senior project managers in Chinese software companies. During the symposia, a domain expert with sufficient experience in software development and management was first invited to make a presentation about a related topic. After the presentation, the participants discussed the presentation and our questionnaires. In this version of the questionnaires, we also included meta-questions [10] to test the wording of each question, such as whether a question was easy to understand, whether it was clearly phased, and whether anyone had any comments to make about it. Through discussion with symposia participants, we collected many valuable comments. After these pre-trials, the initial questionnaire design went through another major revision, and 15% of the questions were revised.
Sample Selection
Selecting a representative sample of respondents normally proceeds in two stages: (i) selection of the study population and (ii) selection of samples from that population. In our situation, the definition of the population and sample were [32] :
• Theoretical population: all COTS-and OSS-oriented CBSE projects, all OSS-based software projects, or all SO projects, globally.
• Study or target population: all similar software projects in China.
• Sampling frame: A list of an "accessible" target population from which we would draw a sample.
• Sample: complete or random selection from the above sampling frame.
• Sub-sample: final or responding subset of the sample.
Planned sample selection
The software industry in China is mainly centralized in big, developed cities. As shown in [8] , 85% of all software companies in China are located in seven of 34 provinces/municipalities. In 2005, the Chinese government built 11 national software industry parks and six national software export centers in these provinces or municipalities. The majority of companies and practitioners are centralized in such zones. To get representative samples, we planned to use stratified random sampling based on the number of employees of the company, as was done in the European survey.
In China, there are about 11,500 software companies [35] . There are about 6,000 software companies that have the capability to develop software [37] . Only 7% of these software companies have more than 300 employees. Through dividing the number of persons (i.e. 720,000 [1] ) in the software industry in China by the number of software companies (11,500), we obtain a mean value of 68 for the number of employees in a Chinese software company, while the median value is unknown. Thus, we planned to use the number of company employees as a criterion for classification, and to stratify four subsets of the study population based on the number of company employees: small company (5-50), medium company (50-300), large company (300-1000), and super-large company (> 1000). We assumed that the very small companies (<5 employees) did not have the capability to improve their software development processes on a formal basis. Thus, we decided to exclude these companies from our study.
To obtain a sampling frame, we decided to use either a census bureau database or the yellow pages to select samples randomly. However, there are no comprehensive public databases on Chinese software companies, apart from one book entitled "A complete collection of Chinese software companies", which lists basic information about 8,000 software enterprises in China. However, the information in this book was not very useful to us. It is very outdated, due to the dynamics of the Chinese software industry, and contains few details about possible contact people within these companies. Given these circumstances, we tried to select companies from the yellow pages, as was done in Italy during the European survey [5] . However, we could not be sure that the companies selected, using this sampling frame, actually develop software. Some companies registered there may sell software, rather than develop it. Further, there are no nationwide yellow pages, only yellow pages for individual cities. The number of employees is not listed in yellow pages either. Thus, it was not feasible to get a nationwide sampling frame from the yellow pages.
Actual sample selection
CSW holds a database that includes more than 50% of all Chinese software companies. The database includes companies from several main cities in China, so we hoped that it would be representative of the Chinese software industry. From this database, we were able to obtain actual names, personal telephone numbers, and email addresses of 8,000 contacts. Given the distribution of software companies in China, as mentioned earlier, we limited our samples to software companies in a few major IT cities, e.g. Beijing, Shanghai, and Dalian, as the study population for our surveys. From this population, we selected software companies whose headquarters are located in primary cities of developed zones and are registered in the CSW database. A possible threat to validity is that most companies in this database are reasonably aware of the importance of software process improvement. They are therefore probably more skilled and motivated to participate than the average Chinese software company.
Given that the CSW database registered only the revenue of a software company without listing the number of people it employs, we could not perform the planned sampling strategy, i.e. stratified random sampling based on the number of employees in the company. Thus, we decided to select 2000 companies randomly from the database of CSW. The sampling rate was hence 33.3%.
However, the study object in our survey was a finished project, not a company. Given that no company had registered their projects in CSW's database, we could not get any prior information about projects within each company. Thus, we decided to use convenience sampling to select projects within a company, letting the respondent select the CBSE/OSS/SO projects with which they were most familiar. The method for sampling projects was the same as that used in the European survey [5] .
Data collection and validation
Conducting planned data collection
Before we contacted CSW, we tried the planned data collection method. We began by collecting data from Beijing. We first selected 20 software companies using stratified-random selection based on the number of employees from the Beijing yellow pages.
To invite software companies to participate in our surveys, we sent emails to over 20 selected software companies. However, we got no response. We then decided to visit the premises of 14 different software companies in Beijing, but these companies refused to participate in our survey, citing various reasons: they were too busy to fill in the questionnaire; their companies would not allow employees to take this survey due to concerns about confidentiality; or their companies were irrelevant to our surveys. We finally tried to call companies and conduct telephone interviews. This did not work either, because when a person makes a call using a mobile telephone in China, both the caller and the receiver have to pay. Hence, people did not want to answer the questionnaire by mobile phone.
Actual data collection and validation
After we began cooperating with CSW and selected 2000 companies from its database, we set up a reward plan for possible survey participants. Our main rewards were the final report or a free annual membership of CSW. The annual membership fee is 500 Chinese Yuan (corresponding to one week's salary for a junior developer). We approached the designated contact person of each company by email or telephone. These people act as the so-called "gatekeeper" in social science terminology [6] .
We first sent the contact person, registered in CSW's name list, an invitation letter by email to introduce the objective of this study, its background, explained the survey context and rules for receiving the reward, and defined the expected respondents. We then asked:
1) whether the contact person's company is a "real" one;
2) whether the company does its own software development;
3) whether the company had any relevant software development projects; 4) if the company had related projects, we asked whether the contact person could connect us to a probable respondent for a suitable project that matched the survey.
We received responses from about 300 (15% of the 2000) software companies for each survey. The respondents stated that their companies were relevant, and that they would like to participate. Each company provided information and contact people for one or two selected projects. For each project, we first emailed a questionnaire to the possible respondent. In the email, we also briefly explained the objective of the study, survey context, and rules for receiving the reward, and asked him/her to complete our questionnaire using the method he/she preferred (printed paper, the web site, or by email). When we failed to receive a completed questionnaire from a respondent, we telephoned about a week later and asked whether or not the questionnaire had been received. If the answer was "yes", we tried to persuade them to complete it as soon as possible. If the answer was "no", we invited them to participate in the survey by telephone and then re-sent the questionnaire by email. In the following two months, we received about 40 completed questionnaires for each survey. We then checked each completed questionnaire. We found that there were about 10 questionnaires per survey that had been completed by unqualified respondents, who had only one or two years experience with the survey topics.
To ensure quality, we excluded these questionnaires from each survey. In the meantime, we contacted other, more qualified, respondents by telephone. For the questionnaires that were completed by qualified people, we called back to clarify any ambiguous answers and to fill in missing data.
During data collection, we hired two CSW employees to work on the survey. We introduced our survey goals, methods, and related terms. Initially, the two CSW employees collected the data. However, they did not understand software engineering well enough to give satisfactory answers when respondents asked questions about the survey. As a result, there were many misunderstandings and many errors were made in completing the questionnaires. Once this problem was recognized, the researchers tried to contact the respondents at their own office. However, the respondents often did not answer emails or telephone calls that they received from the researchers' offices, due to a lack of trust. As a solution, we assigned two of our researchers to work with the two CSW employees at CSW's offices to telephone or email the respondents. We (two researchers and two persons from CSW) worked on distributing the questionnaires, answering questions related to the questionnaire, checking the qualifications of possible respondents, and ensuring the quality of completed questionnaires.
To get the roughly 50 planned responses for each survey, we kept contacting the remaining 260 possible respondents by telephone and asked them to complete our questionnaire. About a month later, we had received about 20 more completed questionnaires per survey. In the course of trying to obtain completed questionnaires, we telephoned about 80 respondents every day.
Finally, after two series of checking, filtering, and revision, we got 47/47/50 completed questionnaires, answered by qualified respondents, for the CBSE/OSS/OS surveys, respectively. The final response rate was about 17% (including expected nonparticipation in the case of a mismatching company profile), which is similar to response rate of 12% for the European survey [5] . Table 1 shows the distribution of software companies and responding companies. The approximate proportion of the total is based on information in [1, 35] . 
DISCUSSION
We will now compare the methods used in our surveys with those used in the European COTS-and OSS-oriented CBSE surveys [20] and other software engineering surveys.
Comparison with the European Survey
Although general guidelines on conducting software engineering surveys and experiences with a large-scale European survey [5] helped us to design a survey plan, that plan was not much help in conducting our Chinese surveys. This occurred because conducting a software engineering survey in China not only involves the Chinese software industry, but must also take into account the cultural traditions of the country. Therefore, there arose many new challenges and difficulties in conducting our survey and getting reliable results. The differences between the methods used in the European survey and our surveys, with respect to the planned survey steps (see Section 4.1) three to five are presented in Table 2 . They show that standard survey methods that are effective when used in Europe had to be adapted to take into account the characteristics of the Chinese IT industry and Chinese culture.
Why were the Chinese Surveys Different?
Why was it necessary to validate the questionnaire again?
The CBSE questionnaire used in the Chinese survey is a direct translation of the one used in the European survey [20] . In translating a questionnaire from one language to another, it is crucial to ensure the psychometric properties of scales [31] . The first lesson learned from our survey was that it was difficult find proper Chinese software engineering scales or terms to reflect their original meaning in English (see section 4.4). The pre-trials using personal interviews and symposia organized by CSW were a great help in revising many questions and adding extra explanations for important terms and scales. We have mentioned the different meanings of the term "software architecture", "development cost", and "person-month" including unpaid and unregistered overtime.
Why was it difficult to select a representative sample?
The Manion study [22] noted the difficulty of selecting a representative sample in China. China is very large and is fast developing with increasing diversity across the country [31] . For example, we discovered that most software companies are centralized in a few big cities.
Although it is relatively easy to obtain business directories and yellow pages for many urban centers in China, there are only yellow pages for individual cities. As there are hundreds of cities in China, it is difficult to make a nationwide sampling framework from the yellow pages. In addition, the size of Chinese software companies is always listed in terms of their annual revenue. It is therefore difficult to know how many employees there are in a company. Furthermore, the yellow pages seldom have (detailed) information of so-called "IT responsibles" in a company, and only have contact details for the company's "gatekeeper".
Our second lesson is that we had to use a nationwide database from a software organization. Although the companies enrolled in the CSW database may have, on average, more advanced software engineering practices than other Chinese software companies, the database includes most software companies in China's large cities. In addition, companies that are registered in the database have usually been in the software business for many years and have some experience with modern software engineering methods and theories. Thus, such a sampling frame is probably more representative than using the yellow pages, which may include many new, unstable, or inexperienced companies. However, the CSW database does not list the number of employees for each company. Thus, stratified random sampling based on the number of company employees could not be conducted. We have suggested that CSW adds the number of company employees to their database.
How did we get the initial contact with potential respondents?
We tried to collect data from many companies without prior contact by sending an email or visiting their offices unannounced. However, we were unable to collect any data using this method. By establishing a cooperative relationship with a well-organized and respected software organization (i.e. CSW), we got the opportunity to collect data from its members. CSW has close relationships with many Chinese software companies and this gave us the opportunity to establish up-to-date initial contacts with possible respondents.
In China, "Guanxi refers to the establishment of a connection between two independent individuals to enable a bilateral flow of personal or social transactions. However, both parties must derive benefits from the transaction to ensure the continuation of such a relationship [43, p.55] ." One study [34, p.171] confirmed that "Guanxi is one of the most influential cultural factors that affect information sharing in the Chinese business environment."
The third lesson learned from our survey was that guanxi between CSW and its members helped us to improve the response rate of our questionnaire, which was initially 0%.
Several studies carried out in Europe or the USA used membership of an organization as the sampling framework [2, 4, 7, 13, 15, 24, 29] . For example, a survey in the UK used membership of TCCL (The Cogsys Club Ltd.), which was a special interest software engineering group [13] . A Finnish survey selected samples from the members of the Finnish Information Processing Association [29] . A global survey used members from IESE (Fraunhofer Institut Emperimentelles Software Engineering), ISERN (International Software Engineering Research Network), and workshop or conference participants [4] . A survey in the USA simply drew survey participants from a database of prospective, current, and past graduate students of a university [24] . Another survey used practitioners who were entered in one of the three SEI databases [15] . A Norwegian survey extracted samples from the Association of the Norwegian Software Industry (PROFF) and the Norwegian IT Technology Forum (ITUF) [9] . However, few researchers have discussed their rationale in selecting members of an organization as their initial contact list (sampling frame). There is probably, implicit guanxi in many Western countries that might help researchers improve their data collection efficiency.
The fourth lesson learned from our surveys was that it was important to distribute the questionnaire in the name of CSW. Sending emails and calling the CSW members from the researchers' office got no response.
"Chinese cultural traits are characterized by collectivism [27, p.64] ." In a collective culture, the members of the society prefer tightly knit social networks and social harmony, and expect mutual support among group members [12, 19] . Results of [34, p.172] show that "collectivism had a direct positive influence on in-group information sharing but not with an external organization." The Triandis et al., study [38, p.325] observed that "In collectivist cultures, cooperation is high in in-groups but is unlikely when the other person belongs to an out-group." Our results show that CSW members were reluctant to share information with external researchers, even if the topic being researched was the same as a topic that was being studied by the CSW employees. In our case, CSW officially registered our three surveys as annual surveys in 2006. In addition, we offered each respondent a one-year membership of CSW. Although the membership is of moderate value financially, offering it worked well, probably because it satisfied the CSW members' desire to maintain social harmony and interdependence within CSW.
The fifth lesson learned was that it was important to get some insight into the non-responding companies (in the sample); we found that many such companies were either not doing software development, or were not relevant to our studies. Although we asked four questions (see section 4.6.2) in order to reach the right respondents, we did not record the answers to these questions.
Thus, we could not analyze the causes for the low survey response rate.
Which data collection method was more applicable?
We had intended to send the printed questionnaire to respondents by post. However, we decided to abandon this idea, because the Roy et al., study [31] observed that a postal survey is often hampered by the inefficient Chinese postal system and the relatively frequent address changes of Chinese enterprises.
We tried to use telephone calls to collect data. However, calling potential respondents by mobile telephone to get responses to the questionnaire did not work. One possible reason is that people did not want to be disturbed. Another possible reason is that in China, both the caller and the receiver pay the cost of a mobile phone call. Thus, we used the telephone only for short conversations during the later stage of the survey, for example, to ask a potential respondent to complete and return the questionnaire, or to clarify responses.
Thus, we decided to use either email with an attachment, or the Web to collect data. We have designed web pages that display the questionnaires. Respondents could simply log on to the web and answer the questions there. Web-based surveys appear to work well in software engineering surveys in some countries [7, 13, 24] . However, although many tasks, such as completing the questionnaire and navigating through the questionnaire are made easier by using the Web, no respondent in our survey wanted to use the Web to complete our questionnaires.
In our Web survey, we asked the respondents for personal information, so that we could contact them later to clarify answers that they provided. [40] found that monetary vouchers and the reputation of a Web site encouraged online users to provide accurate personal information. In addition, they found that privacy notices work much better for Web sites of high repute than those with low repute, if accurate personal information is required [40] . Researchers have realized that gaining accurate personal information is a problem. For example, a global software engineering survey [7] decided to use a MIT secure Web server to collect data, in order to reduce respondents' privacy concerns. In our Web questionnaires, we presented a privacy notice on the first page. However, we did not offer a monetary voucher and the web site hosting the surveys was not well-known by the respondents. This might explain why none of the respondents used it.
Many reported software engineering surveys [2, 4, 15, 29] used email to collect data. We also used email with attachments to distribute and collect questionnaires. We found that email was more accepted by our Chinese respondents than the Web. We believe that this was because a questionnaire received by email requires little technological skill to complete and has a low security risk. In our surveys, all completed questionnaires were returned as email attachments.
Why was it necessary to validate the quality of the collected data?
The Zhao et al., study [44, p.477 In our surveys, we noticed that some questionnaires were answered by unqualified respondents, although only qualified respondents received the questionnaires.
The sixth lesson learned was that people with sufficient software engineering knowledge need to be involved in the data collection process in order to respond to any confusion on the part of the respondents, and to ensure that the qualifications of the respondents are appropriate.
Who answered the questionnaires?
The results presented in Table 1 show the size distribution of participating companies (the actual sample) was different from the size distribution of all Chinese software companies. Small companies had the lowest response rate. More than 67% of Chinese software companies are small. However, they contributed to only 16% of the total number of completed questionnaires. Large and super-large companies had much better response rates. Although large and super-large companies cover only 6.5% and 0.5% of all software companies in China, they contributed 38% and 13% of the responses, respectively. The result is different from the results of the European survey [5] , in which the response rate was especially low in large companies. The presence of a "gatekeeper" is assumed to be the reason for the low response rate in large companies in the European survey. In our survey, we avoided the "gatekeeper" problem by establishing direct contact with the "IT-responsible" person in a Chinese software company using the CSW list. Possible explanations for the high response rate in large Chinese companies are that smaller companies are more concerned with profit due to the pressure of competition, are always busy, and have no interest in a research-oriented study. However, larger companies, which have better methods for development and operations, could afford to spend more resources on research.
How much did the surveys cost?
The average cost of one completed questionnaire was approximately 800 Chinese Yuan (about 80 euro). Although the absolute cost is much lower than in the European survey (about 2000 euro), the relative cost is very similar to that of the European survey, i.e. one person-week salary, because the average salary in Beijing in 2006 was around 400 Euro per month [36] . The cooperation with CSW greatly reduced the effort required to make initial contact with respondents. Although the cost of the Chinese surveys are lower than the European one, the total cost was still far more than our initial budget, because our initial survey plan did not take into account the effects of Chinese industry and culture. We wasted some money at the beginning by using inappropriate survey methods.
CONCLUSIONS AND FUTURE WORK
More and more empirical software engineering studies are being conducted worldwide. Many surveys have explored the status of the software industry. However, few sound software engineering surveys have been conducted in China.
We recently conducted three surveys on COTS-and OSS-oriented CBSE, OSS software based development, and software outsourcing. We made a survey plan based on a European survey before our "replication" survey began. However, we were forced to revise our survey extensively to take into account the special circumstances in the software industry and the cultural context of China. Our lessons learned in conducting high quality software engineering surveys in China are:
− Pre-trials are essential. Literal translations of software engineering terms from English to Chinese may cause many misunderstandings and confusion.
− In China, personal relations (i.e. guanxi) have to be considered when conducting surveys. At present, an organization, such as CSW, can motivate people to answer questionnaires, in order to achieve an adequate response rate.
− We have to be pragmatic about the sample selection. Due to incomplete information about software companies in China, it is difficult to get a representative sample.
− Many project managers and developers do not have sufficient knowledge of software engineering methods and terms. It is necessary to supervise the entire data collection process, such as training people to assist in the survey, answering questions from respondents, and validating the quality of completed questionnaires.
Lessons learned from this study will help researchers to improve their efficiency and effectiveness when conducting software engineering surveys in China.
Due to national and cultural differences, the methods used in our sampling processes may have introduced biases. Thus, in the future, we will consider (i) how to make a survey more scientific, impersonal and systematic, and (ii) how to avoid national variations and method biases that cannot be controlled for. In the Discussion section, we presented our assumptions for the revised survey process from a Chinese cultural perspective. Validating these assumptions requires further studies.
